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Summary
Introduction:  Patella  alta  is  one  of  the  primary  factors  of  patellofemoral  instability  and  its
importance lies  in  the  reduced  engagement  between  patella  and  trochlea  during  the  early
degrees of  ﬂexion.  The  evaluation  of  patellar  height  is  based  on  conventional  x-rays,  CT  scan
and, more  recently,  MRI.  The  objective  of  this  multicentric  prospective  study  is  to  describe
a novel  index  to  assess  in  the  sagittal  plane  the  functional  engagement  between  patella  and
trochlea.
Materials and  methods:  One  hundred  and  thirty-ﬁve  patients  with  objective  patellar  dislocation
were prospectively  enrolled  between  April  2010  and  September  2011  and  were  compared  with  a
second group  of  45  controls.  All  patients  underwent  a  standard  MRI  and  a  complete  radiographic
study. Sagittal  engagement  was  measured  as  the  ratio  between  the  articular  cartilage  of  the
patella and  the  trochlear  cartilage  length  measured  on  two  different  MRI  slices.
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Results:  The  mean  Sagittal  Patellofemoral  Engagement  (SPE)  index  was  0.43  ±  0.18  and  ranged
from 0.02  to  0.913  in  the  Objective  Patellar  Dislocation  group  versus  0.42  ±  0.11  range  0.22
to 0.55  in  controls.  In  the  Patellar  Dislocation  group  the  mean  Caton-Deschamps  index  was
1.18 ±  0.21  (range  0.71  to  1.91).  There  were  58  patients  with  patella  alta,  in  whom  the  mean  SPE
was 0.39  ±  0.18  (range  0.02  to  0.87).  Sagittal  engagement  was  signiﬁcantly  higher  when  com-
pared with  patients  in  the  Patellar  Dislocation  group  who  had  no  patella  alta  (mean  0.46  ±  0.16,
range 0.1—0.913).
Discussion:  The  present  study  introduces  a  new  method  to  measure  the  SPE  with  the  use  of  MRI.
The evaluation  of  the  functional  engagement  of  the  patella  with  the  femoral  trochlea  in  the
sagittal plane  can  serve  as  a  supplementary  tool  to  the  existing  methods  of  evaluating  patellar
height, and  may  help  to  better  identify  the  cases  where  inadequate  engagement  is  recorded
despite the  absence  of  patella  alta,  so  that  the  need  for  tibial  tuberosity  osteotomy  may  be
re-assessed.
Level of  evidence:  Level  3.
.  All  
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ncreased  patellar  height  (patella  alta)  is  a  key  factor  caus-
ng  patellar  instability  and  is  present  in  30%  of  patients
ith  recurrent  patellar  dislocation  [1].  The  importance  of
ncreased  patellar  height  in  the  study  of  patellofemoral
PF)  disorders  lies  on  the  reduced  ‘‘engagement’’  between
he  two  articulating  bones:  the  patella  and  the  femoral
rochlea,  which  is  necessary  to  provide  to  the  patella
he  required  mechanical  stability  throughout  the  range  of
otion  [2].  Evaluation  of  patellar  height  in  PF  disorders  is
redominately  based  on  imaging,  such  as  x-rays  [3—5]  and
omputed  tomography  (CT)  scan  [1,6,7]. The  combination
f  plain  radiography  and  CT  scans  also  provides  a  three-
imensional  evaluation  of  the  joint  and  allows  surgeons  to
ake  reliable  measurements  and  to  give  an  objective  deﬁ-
ition  of  the  underlying  abnormalities  (trochlear  dysplasia,
ncreased  trochlear  groove  —  tibial  tuberosity  distance  (TT-
G),  and  patellar  tilt)  and  compare  them  to  their  published
hresholds  [1,8—10].
More  recently,  magnetic  resonance  imaging  (MRI)  gained
opularity  in  the  imaging  of  PF  disorders,  due  to  its  supe-
iority  in  the  evaluation  of  associated  cartilage  defects
nd  ligamentous  anatomy  [11—13],  such  as  the  medial
atellofemoral  ligament  rupture  [14—17]  and  the  aspect
f  the  lateral  retinaculum.  The  reproducibility  of  radio-
ogic  and  CT  cutoff  values  has  been  tested  on  MRI  [16—25],
ften  highlighting  incongruences  [26],  while  additional  MRI
hresholds  or  new  imaging  parameters  have  been  described
14,15,27—29].  Several  authors  have  focused  on  the  study
f  the  sagittal  position  of  the  patella  with  the  use  of  MRI  or
ave  introduced  novel  MRI  measurements  for  patients  with
F  disorders.  This  is  mainly  due  to  the  fact  that  the  existing
raditional  methods  of  measuring  patellar  height  [3—5,30]
se  bony  and  not  cartilaginous  landmarks,  and  because  the
ifferent  variations  on  the  morphology  of  the  PF  joint,  such
s  small  patellar  articular  surface  or  a  short  trochlea,  are
ot  well  represented  in  these  indexes  [29,31,32].
The  use  of  the  MRI  in  the  evaluation  of  PF  disorders
nd  the  introduction  of  new  imaging  methods  started  with
arillon  et  al.,  who  presented  the  ‘‘lateral  inclination
ndex’’  of  less  than  11◦ as  a  feature  observed  in  patients
ith  patellar  dislocation  [14].  Neyret  et  al.  found  that  the
nsertion  of  the  patellar  tendon  is  a  constant  value  and
p
i
irights  reserved.
n  patients  with  patellar  dislocation  and  patella  alta,  the
atellar  tendon  length  was  more  than  53  mm  [27]. Lippacher
t  al.  found  that  the  classiﬁcation  of  trochlear  dysplasia
n  4  distinguished  types  can  be  reproduced  with  the  use  of
RI  [19].  Biedert  et  al.  set  the  ‘‘lateral  condyle  index’’  by
easuring  the  ratio  of  the  anterior  cartilaginous  trochlear
ength  to  the  posterior  aspect  of  the  lateral  femoral
ondyle  in  MRI,  and  found  it  reduced  in  patients  with
atellar  dislocation  [15].  They  also  focused  on  the  proximal
xtension  of  the  dysplastic  trochlea  and  found  a  new  type
f  dysplasia  where  the  trochlear  is  ‘‘too  short’’  and  is  not
xtending  proximally  enough  in  order  to  engage  with  the
atella  [15]. Biedert  and  Albrecht  described  another  MRI
ethod  for  evaluating  the  relationship  between  the  patella
nd  the  trochlea  and  for  assessing  patellar  height  using  MRI:
he  ‘‘patellotrochlear  index’’  [29]. This  is  a  ratio  between
he  maximum  length  of  patellar  articular  cartilage  and  the
ength  of  trochlear  articular  cartilage,  that  Barnett  et  al.
ound  it  signiﬁcantly  lower  in  patients  with  PF  disorders
15%)  than  in  controls  (32%)  [33].
All  these  data,  along  with  numerous  other  measurements
btained  with  MRI  in  patients  with  PF  disorders  [16,17],  show
he  need  to  better  identify  pathological  values  of  anatomic
eatures  and  to  better  describe  PF  morphology  in  patients
nd  controls.  It  is  well  known  that  during  early  ﬂexion,
he  patella  must  be  positioned  anteriorly  to  the  trochlea
nd  so  that  it  is  introduced  and  ‘‘engaged’’  into  a  deep
roove  in  order  to  avoid  lateral  dislocation  [2,9,10].  Factors
hat  inﬂuence  this  ideal  ‘‘functional  engagement’’  between
he  two  articulating  bones  have  been  described  separately:
atella  alta,  trochlear  dysplasia,  increased  patellar  tendon
ength  or  a trochlea  that  does  not  extent  sufﬁciently  proxi-
ally.  The  study  of  an  imaging  feature  that  describes  this
‘functional  engagement’’  of  the  patella  with  the  trochlea  in
he  sagittal  plane  is  new  in  the  literature.  The  purpose  of  this
tudy  is  to  introduce  and  describe  a  novel  imaging  parame-
er  using  two  different  static  MRI  views  on  the  sagittal  plane
o  assess  and  measure  the  patellar  position  regarding  the
rochlea.  The  authors  tested  the  hypothesis  that  this  new
ndex  could  be  a  useful  tool  to  evaluate  and  quantify  the
rticular  patellar  engagement  in  the  trochlea  on  the  sagittal
lane,  and  could  further  identify  the  cases  where  the  patella
s  engaged  in  the  trochlea  from  the  cases  that  the  patella
s  not  engaged.  Furthermore,  this  new  method  of  measuring
femoral  engagement  S393
Figure  1  For  the  measurement  of  the  Sagittal  Patellofemoral
Engagement  (SPE)  Index,  the  ﬁrst  cut  is  where  the  patella  shows
its largest  sagittal  articular  cartilage.  The  patellar  length  (PL)
is measured.Introduction  of  a  new  MRI  index  to  evaluate  sagittal  patello
sagittal  engagement  on  MRI  could  act  as  an  additional  tool
for  radiologic  methods  that  are  already  in  use,  such  as  the
‘‘patellotrochlear  index’’,  which  is  not  possible  to  measure
if  the  patella  is  positioned  lateral  to  the  trochlea.
Materials and methods
This  is  a  multicentre  prospective  study  that  took  place
between  April  2010  and  September  2011,  and  involved  9  dif-
ferent  institutions  afﬁliated  with  the  French  Arthroscopic
Society  (SFA).  The  study  was  approved  by  the  hospitals’
Ethical  Committees.  Two  distinctive  groups  were  set:  the
ﬁrst  group  consisted  of  patients  with  a  history  of  more
than  2  episodes  of  documented  lateral  patellar  disloca-
tion  (Objective  Patellar  Dislocation)  and  no  previous  knee
surgery.  A  second  group  of  patients  undergoing  MRI  for  a
isolated  meniscus  tear  without  any  history  of  PF  disorder,
knee  surgery,  anterior  knee  pain  or  patellar  dislocation  was
set  (Control).  Exclusion  criteria  for  both  groups  were  the
presence  of  femoro-tibial,  PF  arthritis  or  ligament  injuries.
All  patients  underwent  a  standard  non-weight  bear-
ing  MRI  (1.5  Tesla)  with  the  knee  close  to  full  extension,
and  2-mm  sagittal  cuts  were  made.  MRI  measurements
were  performed  using  Osirix® freeware  DICOM  viewer
(www.osirix-viewer.com).  All  patients  had  also  conventional
monopodal  weight  bearing  x-rays  including  anterior-
posterior  view,  lateral  x-rays  with  the  posterior  femoral
condyles  superimposed  with  the  knee  ﬂexed  at  30◦ and  lat-
eral  x-rays  in  full  extension,  and  axial  views  at  30◦ of  ﬂexion.
Patellar  height  was  measured  using  the  Caton-Deschamps
Index  [4].
Sagittal  Patellofemoral  Engagement  (SPE)  Index
measurement
The  previously  published  method  of  ‘‘patellotrochlear
index’’  of  Biedert  and  Albrecht  [29]  measures  the  sagittal
position  of  the  patella,  but  there  is  a  key  limitation  of  the
method  because  by  measuring  both  patella  and  trochlea  in
a  single  slice,  this  index  is  not  always  measurable  in  cases
of  dislocated  patella,  [33].  In  the  present  method,  two  dis-
tinctive  sagittal  cuts  were  selected  because  of  the  different
and  inconsistent  position  of  the  patella  in  the  axial  plane  in
patients  with  patellar  dislocation  and  in  controls.  The  ﬁrst
cut  was  the  sagittal  MRI  section  where  the  patella  showed
the  longest  articular  cartilage.  On  this  image,  a  patellar
length  (PL)  line  was  drawn,  that  measured  the  entire  length
of  the  patellar  articular  cartilage  (Fig.  1).  The  second  cut
was  the  sagittal  section  where  the  femoral  trochlear  car-
tilage  extended  more  proximally.  On  this  slice,  the  PL  line
that  had  been  copied,  wasinserted  (Fig.  2).  A  second  line
was  then  drawn  parallel  to  the  PL,  which  started  from  the
most  proximal  articular  trochlear  cartilage  and  ﬁnished  at
the  distal  end  of  the  PL,  providing  the  Trochlear  Length  (TL)
line  (Fig.  3).  The  SPE  was  calculated  as  the  ratio  between
TL  and  PL.  Patellar  tendon  length  was  also  measured  in  sagi-
ttal  MRI  slices.  All  MRI  measurements  were  performed  by  the
different  teams  involved  in  the  multicentre  study.  The  con-
trol  group  was  measured  by  two  senior  orthopaedic  surgeons
independently.
Figure  2  The  second  cut  is  where  the  articular  cartilage  of
the femoral  trochlea  extends  more  proximally.  On  this  slice  the
previously  measured  patellar  length  (PL)  is  pasted.
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tigure  3  The  SPE  is  completed  by  measuring  the  length  of
he femoral  trochlea  that  is  engaged  with  the  patella  (TL).
tatistical  analysis
tatistical  analysis  was  performed  using  the  ‘‘Graphpad’’
oftware  (http://www.graphpad.com).  Comparisons  of  two
eans  were  performed  using  the  Welch  paired  t  test  for
umerical  variables.  The  degree  of  correlation  for  pairs  of
umeric  variables  was  assessed  by  the  Spearman  correlation
oefﬁcient.  The  hypothesis  that  this  coefﬁcient  was  equal
o  0  was  tested.  Level  of  statistical  signiﬁcance  was  set  at
 <  0.05.
esults
bjective  Patellar  Dislocation  group:  epidemiological
ata  are  shown  in  Table  1.  Mean  patellar  tendon  length
as  51.2  ±  6.76  mm  (36.0—68.1  mm).  Mean  patellar
ength  (PL)  was  31.4  ±  3.8  mm  (23—41  mm)  and  mean
rochlear  length  (TL)  was  13.4  ±  5.5  mm  (0.5—26.8).  Mean
Table  1  Epidemiologic  data  for  the  two  groups.
Objective  Patellar
Dislocation  Group
Control  Group
Number  135  45
Female  to  male
ratio
1.29  1.3
Age  24.5  ±  9  (10—56) 29  (16—61)
Trochlear
dysplasia
No dysplasia  =  17
(12,5%)
Type  A  =  36  (26.6%)
Type  B  =  32  (23.7%)
Type  C  =  19  (14%)
Type  D  =  31  (22.9%)
No  dysplasia  =  45
(100%)
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PI  was  0.439  ±  0.18  and  ranged  from  0.01  to  0.913  (95%
.I.  =  0.42—0.48).  Mean  Caton-Deschamps  ratio  on  x-rays
n  the  same  group  was  1.18  ±  0.21  and  ranged  from  0.71
o  1.91.  Fifty-eight  patients  had  patella  alta  with  Caton-
eschampsindex  ≥  1.2.  Mean  patellar  tendon  length  in  them
as  53.1  ±  7.1  mm  (36—68  mm).  In  these  patients,  mean
PE  was  0.39  ±  0.18  and  ranged  from  0.01  to  0.87  (95%
.I.  =  0.36—0.45).  Seventy-seven  patients  had  no  patella
lta  with  Caton-Deschamps  index  of  <  1.2.  Mean  patellar
endon  length  was  49.3  ±  6.1  mm  (33.5—65  mm).  In  these
atients,  mean  SPE  was  0.46  ±  0.16  (range  =  0.1—0.913,  95%
.I.  =  0.45—0.52),  (p  < 0.01,  when  compared  to  SPE  with
atella  alta).  Correlation  between  Caton-Deschamps  index
nd  SPE  in  all  cases  of  the  Patellar  Dislocation  Group  was
on-signiﬁcant.
Control  group:  epidemiological  data  are  shown
n  Table  1. Mean  patellar  tendon  length  was
4.6  ±  7.5  mm  (35.9—59.1  mm).  Mean  PL  was  32.3  ±  2.7  mm
27.4—36.4  mm)  and  mean  TL  was  15.2  ±  3.1  mm
7.5—21.8  mm).  Mean  SPE  was  0.42  ±  0.11and  ranged
rom  0.22  to  0.55  (95%  C.I.  =  0.43—0.49).  Mean  Caton-
eschamps  ratio  in  the  control  group  was  0.93  ±  0.14  and
anged  from  0.66  to  1.19.  There  were  no  cases  with  patella
lta  in  our  control  population.
When  mean  values  of  SPE  index  from  Objective  Patel-
ar  Dislocation  and  Control  groups  were  compared,  no
tatistically  signiﬁcant  difference  was  found.  Correlation
etween  Sagittal  Position  Index  and  Caton-Deschamps  index
n  the  Objective  Patellar  Dislocation  Group  was  also  non-
igniﬁcant.  Sagittal  patellofemoral  engagement  of  patients
ith  Objective  Patellar  Dislocation  and  patella  alta  was  sig-
iﬁcantly  lower  than  SPE  of  patients  with  Objective  Patellar
islocation  and  no  patella  alta.
iscussion
he  PF  articulation  is  a  three-dimensional  anatomical  struc-
ure  whose  morphology  is  difﬁcult  to  evaluate  on  plain  x-rays
r  CT  scan  that  either  show  one  plane  or  fail  to  show  car-
ilage  and  soft-tissue  pathology  [34]. There  is  signiﬁcant
ismatch  between  the  osseous  landmarks  observed  in  radio-
raphs  or  CT  scans,  and  the  articular  cartilage  of  patella
nd  trochlea  obtained  by  MRI  [35].  Additionally,  patellar
osition  in  the  sagittal  plane  has  been  evaluated  with  the
se  of  different  indexes,  such  as  the  Caton-Deschamps  [4],
he  Insall-Salvati  [5],  the  modiﬁed  Insall-Salvati  [30]  and  the
lackburne-Peel  [3],  which  have  been  also  reproduced  with
RI  [23,24].  The  variety  of  these  methods  to  measure  patel-
ar  position  in  the  sagittal  plane  leads  to  lack  of  agreement
mong  surgeons  in  the  diagnosis  of  PF  disorders,  but  their
ommon  feature  is  that  they  use  osseous  landmarks  and  they
efer  the  position  of  the  patella  in  relationship  to  the  tibia.
lthough  some  methods  of  measuring  patellar  height  refer
o  the  femur  [36,37],  the  most  popular  refer  it  to  the  tibia,
ecause  the  surgical  method  of  correcting  increased  patellar
eight  involves  tibial  tuberosity  osteotomy  with  distaliza-
ion.But  in  the  study  of  PF  disorders,  the  clinical  importance
f  patella  alta  in  the  fact  that  the  patella  is  not  positioned
n  front  of  the  trochlea.  Thus,  identifying  and  quantifying  a
ormal  or  a  pathological  relationship  between  the  patella
Introduction  of  a  new  MRI  index  to  evaluate  sagittal  patellofemo
Figure  4  Bernageau’s  index  consists  of  a  distance  between
two lines:  the  ﬁrst  line  is  drawn  perpendicular  to  the  most
proximal  point  of  the  Blumensaat’s  line,  the  second  line  lies
parallel  to  the  ﬁrst  tangent  at  the  distal  point  of  the  patellar
articular  cartilage.  If  the  second  line  lies  distally  to  the  ﬁrst  of
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amore than  6  mm,  patella  infera  is  deﬁned;  if  the  patellar  line
lies proximally  to  the  trochlea  more  than  6  mm,  patella  alta  is
deﬁned.
and  the  femoral  trochlea  (and  not  the  tibia)  may  be  of
greater  signiﬁcance.  This  has  been  ﬁrst  introduced  by  other
authors  who,  very  interestingly,  studied  this  ‘‘functional
engagement’’  between  the  two  articulating  bones  of  the  PF
joint.  Bernageau  and  Goutallier  pioneered  in  the  radiologi-
cal  diagnosis  of  PF  disorders,  by  evaluating  the  position  of
the  patella  in  relationship  to  the  femoral  trochlea  in  the
sagittal  plane  [38].  They  measured  the  articular  patellar
length  and  the  articular  trochlear  length  in  x-rays,  and  they
evaluated  if  there  is  an  overlap  of  them  or  not,  in  order  to
provide  positive  or  negative  values  of  this  sagittal  PF  engage-
ment  (Fig.  4).  But  the  application  of  the  method  in  simple
x-rays  where  all  osseous  landmarks  are  superimposed,  failed
to  provide  additional  information  of  the  position  of  the
patella  in  the  axial  plane  or  the  abnormal  morphology  of
the  trochlea  in  cases  of  dysplasia.  Dejour  and  Walch,  in  their
ﬁrst  trochlear  dysplasia  classiﬁcation,  categorized  three  dif-
ferent  types  according  to  the  level  of  the  crossing  sign  in
lateral  x-rays,  thus,  determining  the  level  of  proximal  exten-
sion  of  the  femoral  trochlea,  but  did  not  correlate  their
r
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ndings  with  the  position  of  the  patella  [1].  Later,  Seil  et  al.
mphasized  that  the  most  important  factor  in  determining
he  position  of  the  patella  in  the  sagittal  plane  is  to  refer
he  articular  surface  of  the  patella  according  to  the  articular
urface  of  the  trochlea  [39].
Finally,  Biedert  and  Albrecht  studied  this  engagement
f  the  patella  into  the  trochlea  by  introducing  the
‘patellotrochlear  index’’  [29]. They  improved  the  method
f  Bernageau  and  Goutallier  by  performing  the  measure-
ent  in  MRI  and  by  identifying  the  cartilaginous  surface
f  the  two  articulating  bones.  But  the  authors  studied  this
agittal  engagement  only  in  knees  with  ‘‘no  PF  pathology’’
nd  by  performing  the  measurement  ‘‘in  a  single  slice’’.
his  may  facilitate  the  method  but  the  measurement  may
e  inapplicable  in  cases  of  patellar  dislocation  or  sublux-
tion,  where  the  patella  is  not  positioned  in  front  of  the
ost  proximal  part  of  the  trochlea.  Furthermore,  as  Bar-
ett  et  al.  showed  [33],  in  cases  of  trochlear  dysplasia  or
ncreased  TT-TG  distance,  common  features  in  patients  with
atellar  dislocation,  the  measurement  is  not  always  possi-
le,  because  the  most  proximal  part  of  the  trochlea  is  not
lways  positioned  in  the  same  slice  that  Biedert  et  al.  used
o  measure  the  patellar  length  [29].  Also,  both  these  meth-
ds  did  not  provide  threshold  values  for  normal  knees  or
nees  with  patella  alta  or  patellar  dislocation,  and  therefore
utoffs  for  their  surgical  correction  were  not  introduced.
Following  the  basis  set  by  the  previous  methods  of  eval-
ating  sagittal  PF  engagement  by  Bernageau-Goutallier  and
iedert-Albrecht,  in  the  present  study  the  authors  evaluated
he  sagittal  engagement  of  the  patella  with  the  trochlea  in
RI,  using  two  distinguish  slices  and  performing  them  in  a
roup  with  patellar  dislocation  and  in  a control  group.  From
he  results  of  the  present  study,  the  mean  SPE  was  not  sig-
iﬁcantly  different  between  Objective  Patellar  Dislocation
nd  Control  Group,  but  there  was  statistically  signiﬁcant  dif-
erence  between  the  SPE  recorded  for  patients  with  patella
lta  and  patients  with  no  patella  alta  in  the  Dislocation
roup.  With  the  use  of  the  SPE  described  in  this  study,  the
rticulating  surfaces  of  both  patella  and  trochlea  can  be
easured  even  in  cases  of  patellar  dislocation,  since  the
uthors  use  two  distinctive  slices  to  obtain  them.  Another
nteresting  ﬁnding  from  our  results,  is  the  absence  of  cor-
elation  between  the  Caton-Deschamps  ratio  and  the  SPE
ecorded  in  the  Objective  Patellar  Dislocation  Group.  A
imilar  ﬁnding  was  also  supported  by  Barnett  et  al.  who
ound  poor  correlation  between  the  patellotrochlear  index
nd  Caton-Deschamps,  Insall-Salvati  and  Blackburne-Peel
ndexes  [33]. This  may  sound  an  alarm  of  caution  that  in
ases  of  increased  patellar  height,  the  functional  PF  engage-
ent  may  still  be  sufﬁcient,  so  the  need  for  distalization
steotomy  may  be  alleviated,  despite  an  ‘‘abnormal’’  patel-
ar  height  index.  In  our  study  population,  we  observed
utliers  of  patients  with  patellar  dislocation,  where  there
as  patella  alta  but  a  sufﬁcient  sagittal  PF  engagement  (e.g.
PE  =  0.88),  (Table  2,  Fig.  5).  On  the  contrary,  there  were
ases  in  the  Objective  Patellar  Dislocation  Group  where  the
ecorded  Caton-Deschampsindex  was  within  normal  values
nd  had  no  patella  alta,  but  the  sagittal  PF  engagement  was
educed  (e.g.  SPE  =  0.19)  (Table  2),  so  the  need  for  a  tib-
al  tuberosity  distalization  may  be  considered  as  necessary
espite  a ‘‘normal’’  patellar  height  index  (Fig.  6).  Further
nalysis  of  our  results,  showed  that  the  conﬁdence  intervals
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Table  2  Statistical  relationships  between  the  different  groups  for  sagittal  patellofemoral  engagement.
Sagittal  Patellofemoral
Engagement  (SPE)  Index
Control  Group  Objective  Patellar
Dislocation  Group
Objective  Patellar
Dislocation  Group:  patients
with  patella  alta
Objective  Patellar
Dislocation  Group:  patients
with  no  patella  alta
Mean  0.46a 0.43  0.39  0.46b
SD  0.11  0.18  0.18  0.16
N 45  135  58  77
95% C.I.  0.43—0.49  0.42—0.48  0.36—0.45  0.45—0.52
Range 0.22—0.94  0.02—1.0  0.02—0.88  0.17—1.0
a p = non-signiﬁcant, when compared to Objective patellar dislocation group.
b p < 0.01, when compared to Objective patellar dislocation group with patella alta.
Figure  5  Example  of  a  patient  with  patellar  dislocation  and  (A)  patellar  alta  in  the  lateral  x-ray  (Caton-Deschamps  index  =  1.66),
but (B,  C)  sufﬁcient  patellofemoral  engagement  in  the  sagittal  MRI  views  (SPE  =  0.88).
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pigure  6  Example  of  a  patient  with  patellar  dislocation  and  (A)
ut (B,  C)  reduced  patellofemoral  engagement  in  the  sagittal  M
etween  the  Patellar  Dislocation  subgroups  of  patella  alta
e.g.  0.36—0.45)  and  no  patella  alta  (e.g.  0.45—0.52)  were
ot  overlapping  (Table  2).  This  resulted  to  a  95%  probability
hat  a  patient  with  patellar  dislocation  and  SPE  <  0.45  had
atella  alta  and  insufﬁcient  functional  sagittal  PF  engage-
ent,  and  to  another  95%  probability  that  a  patient  with
atellar  dislocation  and  SPE  >  0.45  did  not  have  patella  alta
nd  had  adequate  functional  sagittal  PF  engagement.Similarly  to  the  work  of  Biedert  and  Albrecht  [29], the
uthors  support  that  the  imaging  evaluation  of  patients  with
F  disorders  must  include  MRI  for  the  evaluation  not  only  of
he  exact  patellar  height,  but  also  for  the  determination  of
m
p
p
aal  patellar  in  the  lateral  x-ray  (Caton-Deschamps  index  =  0.81),
ews  (SPE  =  0.19).
he  functional  engagement  of  the  two  articulating  bones  in
he  sagittal  plane.  Normal  patellar  height  ratios,  according
o  any  method,  must  not  exclude  the  need  to  distalize  the
atella  or  to  perform  lateral  facet-elevating  trochleoplasty
40], in  cases  of  a  ‘‘short’’  trochlea  that  does  not  extend
roximally  enough  to  engage  the  patella  [15]. On  the  other
and,  the  SPE  is  not  an  alternative  method  of  measuring
atellar  height,  but  an  additional  tool  to  well-established
ethods  of  evaluating  patellar  position.  The  position  of  the
atella  must  be  identiﬁed  in  the  sagittal,  as  well  in  the  axial
lane.  Normal  radiological  or  MRI  variables  of  patellar  height
nd  sagittal  patellofemoral  engagement  cannot  exclude  a
Introduction  of  a  new  MRI  index  to  evaluate  sagittal  patellofemo
Figure  7  The  position  of  the  patella  must  be  evaluated  in  the
sagittal,  as  well  in  the  axial  plane,  because  normal  radiological
or MRI  variables  of  patellar  height  and  sagittal  patellofemoral
c
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[engagement  cannot  exclude  a  pathological  position  of  the
patella  in  the  axial  plane.
pathological  position  of  the  patella  in  the  axial  plane,  and
cannot  exclude  the  need  to  surgically  correct  it  (Fig.  7).
Similar  protocols  of  evaluating  the  combined  engagement
of  the  patella  with  the  trochlea  in  two  planes  are  probably
required,  to  better  evaluate  and  treat  PF  instability.  No  inter
or  intra-observer  reliability  was  tested  in  the  present  study.
Further  limitations  of  the  study  are  that  MRI  measurements
were  performed  in  full  knee  extension,  in  a  non-weight  bear-
ing  fashion  and  without  quadriceps  contraction.  All  these  are
factors  that  may  affect  the  static  position  of  the  patella  in
relationship  to  the  trochlea.
In  conclusion,  the  present  study  introduces  a  new  method
to  measure  the  SPE  with  the  use  of  MRI.  The  evaluation  of
the  functional  engagement  of  the  patella  with  the  femoral
trochlea  in  the  sagittal  plane  can  serve  as  a  supplementary
tool  to  the  existing  methods  of  evaluating  patellar  height,
and  may  help  to  better  identify  the  cases  where  inadequate
engagement  is  recorded  despite  the  absence  of  patella  alta,
so  that  the  need  for  tibial  tuberosity  osteotomy  may  be  re-
assessed.Disclosure of interest
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